[March 26, 1945] Four Months in Tristan da Cunha. [Summary] By Captain R. F. SOGNNAES, M.S., Ph.D.
TIIE dental survey of Tristan da Cunha was carried out as part of the programme of the Norwegian Scientific Expedition to that island, December 1937 to March 1938.
The following findings were of particular dental interest:
(1) A condition was seen suggestive of threshold dental fluorosis and a relatively high fluorine content of the teeth, apparently not water-borne alone.
(2) The freedom from caries, particularly of those teeth developed early in life such as the deciduous dentition on the whole, and the six-year molars and anterior teeth of the permanent dentition.
(3) The chronic type of caries and its low incidence, as well as very low and scattered counts of salivary L. acidophilus in all except a few physically defective males and the great majority of the older women, a situation that apparently cannot be explained by food habits alone.
(4) The diet was monotonous diet (fish and potatoes); milk consumption and import of flour and sugar were less than was believed; in former days there was more per islander of every item of island food, as well as of food imported from whale boats.
Migrations of Teeth Following Extractions
By SHELDON FRIEL, B.A., M.Dent.Sc., Sc.D.
EARLY dental literature noted that there were changes in relationship of the teeth following extraction of deciduous or permanent teeth in the growing child. Hunter [14] , Salzmann [15] , Dewey [8] and other writers state that molars tend to come forwards, especially in the upper jaw and that teeth anterior to molars tend to go backwards, especially the lower second premolar after the loss of deciduous or first permanent molars.
Turner [17] asserts that lower molars never move forwards.
It is now p6ssible to fit these partial observations into a broader picture of facial development and tooth movement and when that is done it seems to me to call for a restatement of the limited phenomena seen by these observers. The general hypothesis which I have to present is that all teeth move forwards and ntone backwards. A break in the continuity of the arch made by tooth extraction may have different effects on the\ crowns and roots of teeth in different parts of the dentition, all of which can be explained in terms of the paths of eruption and of the forces acting on the teeth during eruption. These effects will be modified by the time of extraction, the tooth or teeth extracted. and by the normal or deficient,growth of -the individual.
There have been two outstanding advances in our knowledge of the manner of growth of the face and jaws and the development of the dentition since the work of Hunter [13] . The first, Brash's [1, 2, 3] madder-feeding experiments on the growth of the jaws in the pig, and the second, Broadbent's [4, 5, 6 ] serial X-ray examination of facial developqment.
The conclusions 'of these two investigations are not opposed to one another but are complementary and have considerably modified our conception of the development of the dentition.
Broadbent took profile and full face serial radiographs of children. From these radio-' graphs he made tracings, which he then superimposed on each other. Each tracing wvas orientated by a regi.stration point. and a defined plane, the Bolton olane. This plane is formed by a line joining the nasion to the highest point in the profile of the notches at the posterior ends of the condyles of the occipital bone. The registration point is found by dropping a perpendicular' from the centre of the sella turcica'to the Bolton plane and bisecting this perpmdicular; the point of bisection being the registration point. The registration point is in the b(oly of the sphenoid bone, which is the area of greatest stability. The advantages of using the Bolton plane are its stability, and the fact that it separates the cranium from the face. Broadbent illustrates normal growth from birth to adult bv a composite picture showing live age-periods. It is a difficult picture to analyse and consequently I have eliminated two age-periods and blotted out many anatomical points ( fig. 1 ). These tracings bring out some very important points about the development of the face from birth to adult:
In the upper jaw-(a) The posterior end of the hard palate remaiins in almost the same vertical plane; (b) the alveolar ridge and the teeth travel downwards and forwards. It seems these facts can only be explained on the hypothesis that increase takes place by building up on the anterior and outer surfaces, in the alveoli and on the alveolar margins, which latter process carries the teeth downwards and forwards. In the lower jaw relative to the Bolton plane and the registration point: (a) The anterior border of the ascending ramus at its junction with the horizontal ramus remains in almost the same vertical plane; (b) the ascending ramus doubles in width from front to back between birth and adult; (c) the condyle travels back, by a reformation of the base of the skull a distance equal to the increase in width of the ascending ramus.
Thus room is obtained for the eruption of the successive molars by forward movement of the teeth anterior to them due to deposition in the alveoli. There is, in addition, upward and outward movement of the mandibuLlar teeth through deposition, both alveolar and on the outer surfaces. This is, of course, counter to the view of Hunter [13] that room was made for the molars by absorption of the anterior border of the ascending ramus, compensated by deposition on the posterior border. Broadbent's tracings indicate that the major part of forward movement takes place after the eruption of the teeth. Tracings of the upper arch at different periods show the gradual migration forward of the deciduous teeth in relation to the posterior border of the hard palate and the erupting first and second permanent molars (Irop successively into the spaces thus obtained. From these records of Broadbelnt we can also get a comparison of the relative amounts of forward and downward translations of the teeth in the upper, and of forward and upward translations in the lower (fig. 2 ). Birth, 3 years and adult tracings are superimposed again, but a perpendicular has been dropped from the mid-point of the birth alveolar crest to a line through the adult alveolar crest mid-point parallel to the Frankfurt plane. Also the birth mandible is superimposed with its lower border aligned on the lower border of the adult nmandiblc and ihe aniterior border of its ascending ramus in the vertical plane of the corresponding adult surface, and the same lires have been drawn as in the upper. The justification for this superposition of the lower border of the birth mandible on that of the adult is Brash's [3] demonstration that growth in height of the nandible is by addition to the upper and not to the lower border.
While the amount of upper and lower forward movements is nearly the same, the lower being slightly greater than the upper, in vertical change there is a very marked difference. That difference is clearly an important factor in the different behaviour of upper and lower molars when abnormal conditions permit migration. The vertical movement in the upper is very much greater than in the lower. The superposition demonstrates also the growth of the condyle [7] and ascending ramus which compensates in part for the downiward growth of the upper and upward growth of the lower alveolar borders. The remainder of the compensation comes from the growth of the skull base carrving downward and backward the glenoid fossoe. JUNE: ODONT. 2 Brash [2] shows the great forward movement of the teeth in the pig and considered it the chief method for obtaining room for the molar teeth. In four illustrations, two sagittal sections show new bone being laid down at the back of the roots of the teeth and at the alveolar margin. The other two pictures show a buccal and a lingual view of a mandible. A buccal view shows new bone laid down on nearly the whole surface right up to the anterior edge of the ascending ramus. A lingual view shows bone absorption, again up to the edge of the ascending ramus. The ascending ramus is being widened but not reduced on the anterior edge. All four pictures show bone being deposited at the posterior border, condyle and coronoid process. There is very little alteration at the lower border of the horizontal ramus, except reformation to keep its shape.
Humphry's [121 interpretation of his experiments appear to conflict with the evidence that Ihave brought forward from Broadbent's and Brash's work in respect of the growth of the mandible. In each of three experiments illustrated no doubt is entertained that bone is being deposited along the posterior borders. But the alteration on the anterior borders could be explained by deposit on the outer surface and absorption on the inner surface without any reduction of the anterior edge.
The following is clinical evidence of the normal forward movement of upper and lower teeth during the various transitional periods of the development of the' dentition. 1 (1) Serial drawings of the upper teeth and the ruge demonstrate that the teeth are moving forward in relation to the ruge [11] . Brash (in a personal communication) showed that the bony rugae of the palate of the pig are also moving forward during its downward and forward growth, so that the teeth must be moving forward through the bone at a greater rate than the rugae.
( become worn and the lower teeth move forward iij relation to the upper teeth, so that the distal s-urfaces of e~are no longer inl the same vertical plane but the lower is anterior' e to the upper. This allows 6 to occlude correctly, i.e. the point of the medio-buccal 6 cusp of 6 is a little in advance of the buccal groove of 6 but the triangular ridge which runs up from the point of the cusp dlsto-lingually i's in the buccal groove [9] .
(3) If unworn T6 are removed from a skull ( fig. 4 , p. 460), 66 then occluded to their normal 7 relationship for 7 years of age and I in their normal relationship, it will be found that when 76 are in contact there is always a space between 76 showing that 6 must alter its relationship with 6 and move forward. This occurs after the loss of e d (fig. 5 ). The medio-buccal cusp point of 6 is no longer anterior to the buccal groove of 6 but opposite it. The cusp point of 7 can then be opposite the buccal groove of 7. In 7 the triangular 6 ridges of the medio-buccal cusps run more transversely than in 6-so that the point of the cusp and triangular ridge are more in line. It is sometimes stated that the greater forward movement of the lower deciduous teeth as compared 'with the upper between 3 and 7 years of age' is not necessary as after the loss of e d c 6-will move forward more than 6 and will allow 6 to occlude, the triangular ridge of the medio-buccal cusp of 6 being in the buccal groove of 6. I have not yet seen a case where these two types of forward movement described under headings (2) (4) It sometimes occurs that e d are lost sonle time previous to e d and vice versa [10]. In serial models of these cases the forward movement of 6 or 6 following alternate loss of e or e can be demonstrated.
The evidence that I have put before you of the normal development of the jaws and the dentition is altogether in favour of the forward movement of all teeth and I have not been able to find any evidence that teeth move backwards except when driven backwards by an outside force, e.g. an erupting canine might drive a first premolar distally where there was room for the tooth to move.
What I have described is the normal course of events during development. But with the loss of a unit or units from the dentition before the eruption of the "replacement" teeth is complete, we get, as Hunter and others said, considerable changes in the subsequent picture. The changes vary in degree with the time at vvhich the unit is removed and with the vigour of growth of the jaws, but the general tendency is for the forward movement of the roots to continue whilst the crowns of the teeth other than the molars lag behind. This tendency is most pronounced in the lower second premolar but it exists in all teeth other than the molars. One sees at times even the centre point of the upper or lower arch shifting towards the side from which a tooth, even as fyar back as a fitst permanent molar, has been lost, due to the lag of the anterior segnment on the side of the extraction. Obviously the explanation lies in the loss of continuity of the atch. The pressure of crown on crown is clearly an important factor in keeping teeth vertical while their roots are carried forward. What requires elucidation is mainlv the difference in degree of distal tilt assumed by upper and lower premolars in general and the extreme case of the lower second premolar.
My thesis is that my diagram supplies a large part of the answer. 7 has normally about four times as far to travel as 7 in vertical movement to get into place behind 6. To get into the place of 6 wheii that tooth is lost a slight change of angler of descent, and hence only a slight increase in distance of movement, is necessary. 7 in similar circumstances has to make a much greater change of angle and consequently the increase of travel called for is much greater. We can reduce that statement to figures with fair accuracy (fig. 6 ). Assuming at the time of extraction of 6, 7 has still 6 mm. of vertical movement to get into its normal occlusion (which is probably a reasonable figure, but any other figure can be assumed without affecting the argument) then 7 will have 24 mm. to travel. Now suppose 6 removed. If 7 is to get into a position where it will replace 6 the shortest distance it can travel will he (taking the medio-distal diameter of 6 as 12 mm.) a fraction over 13 mm. or rather more than double its normal travel. Compare with that Lhe increase of 7's travel required in similar circumstances. Its shortest path to occupy the place of 6 (11 mm. medio-distal diameter) would be 25.7 mm., an increase of 1/14th on its normal travel to get into occlusion. So that unless there is a great acceleration of 7's movement it will arrive in the place of 6 --at a much later date than will 7 replace 6 . My observation is that in fact it is upper teeth which are accelerated in eruption by premature loss of deciduous teeth or by loss of more medial permanent teeth. The eftect of the very early replacement by 7 in the space of 6 as compared with replacing 6 is of course that any tendency for the crown of 5 to lag behind the root is early checked by the crowns coming into contact, whereas in the lower months or even years may elapse before 7 has made its extra distance, conseqfiently the distal tilting of 5 has full scope to show maximum effect. Salzmann [15] illustrates, (page 208) by courtesy of Broadbent, a case at 10 years and 13%2 years of age, where seven premolars are congenitally absent. e d I and e I are present and there is a spice between 31 and dcl. When a line is drawn perpendicular to the Frankfurt plane from the registration point it is seen that efI and the teeth distal to it are moving forward and that 3 and the teeth medial to it are also moving forward. It is additional evidence of forward movement of teeth, but the fact that the crowns remain out of contact does not invalidate the proposition that crowns tend to lag behind when the growth of the bone is carrving the roots forward. That is clearly determined by the vigour of growth. Even in this case it is quite possible that the tceth in the anterior segment have lagged somewhat behind. The fact that the space for d has almost disappeared makes it clear that the anterior teeth are not travelling forward as fast as the posterior. I have tried to show the difference between the direction of growth in the upper and lower jaws and I think this difference will explain the varying behaviour of upper and lower migrations of molars and premolars following a break in the continuity of the arches. There is in additioni a difference in the developmental position of upper and lower premolars- [16] . The upper premolars are never far from the alveolar margin artd the alveolar growth, owing to the small intervening space between the floor of the antrum and the alveolar margin. On the other hand S is developed very low down and if its predecessor e is lost prematurely, the crown of the premolar can be left behind in the forward growth. The roots of the deciduous molars bring forward the crowns of the premolars.
There is also a difference of degree in the amount of forward movement of teeth anterior and posterior to a break in the arch due to normal or deficient growth of the child. In the normal growing child the anterior segment tends to keep growing and in some cases the posterior segment is not able to overtake it and close the space.
In the child suffering from deficient growth, the anterior segment lags behind and the posterior segment rapidly closes the space. This has an important bearing on the prognosis of treatment of crowded incisors by the extraction of first permanent molars. In the child of deficient growth you get less relief in the incisal region and in the normal child, where relief is not so badly needed, you get more. on account of caries.
Section of Odontology
were removed at '11 years of age with the idea of prevention of crowding. The spaces in the upper arch have closed by the forward drift of 7 J 7 which had rotated medio-lingually. 54 1 45 rotated in opposite directions. In the lower jaw 5 I5 have been left behind in the forward growth as they develop so low down and had lost their guide, the roots of eIe to bring them forward. They are' in contact with 7m leaving a large gap between the premolars (figs. 9, 10). It is a good example of the greater forward drift of upper molars compared to lower molars. In both upper and lower the anterior segments have kept growing forward and there is no marked reduction in the facial outline. In similar cases of deficient growth the anterior segments both upper and lower lag behind, the spaces close from behind and FIG. 10. there is a very marked reduction in the facial outfline. The radiograph-s show change of direction of Y[F5 over a period of three years-no treatment.
-SUMMARY
The evidence of normal growth and the development of occlusion show that all teeth are moving forwards. No evidence is available that teeth move backwards.
If spaces where teeth are extracted are closed, it is by drifting forwards of the teeth distal to the gap. Certain teeth, especially 5 after the loss of e, can be left behind in the forward movement.
A difference in degree of forward movement anterior and posterior to a break in the continuity of the arch is observed in individuals with normal or deficient growth. I am greatly ind-ebted to Mr. H. T. A. McKeag of Queen's University, Belfast, for his help in this work.
